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with recycle of the transafkylated product to an intermediate separation zone. In the Barger process, the 
temperature and pressure conditions are adjusted so that the alkylatlon and transalkylation reactions \ake 
place In essentially the liquid phase. The transalkylation catalyst is an aluminosillcate molecular sieve 
including X-type. Y-type. ultrastable-Y. L-type. omega type and mordenite type zeolites with the latter being 
preferred. The catalyst employed in the alkylation reaction zone is a solid phosphoric acid containing 
malerial. Aluminosilicate alkylation catalysts may also be employed and water varying from 0.01 to 6 
volume percent is supplied to the alkylation reaction zone. The output from the alkylation reaction zone is 
supplied to first and second separation zones. In the second reaction zone intermediate aromatic products 
and trialkylaromatic and heavier products are separated to provide an input to the transalkylation reaction 
zone having only dialkyi aromatic components, or diethylbenzene in the case of an ethylbenzene manufac- 
turing procedure or diisopropylbenzene in the case of cumene production. A benzene substrate is also 
supplied to the transalkylation zone for the transalkylation reaction and the output from the transalkylation 
zone is recycled to the first separation zone. The alkylation and transalkylation zones may be operated in a 
downflow. upflow or horizontal flow configurations. 



SUMMARY OF THE INVENTION 



In accordance with the present invention there is provided an alkylation-transalkylation process involving 
alkylation of an aromatic substrate with a C2-C4 alkylating agent coupled with separation to recover a 
monoalkylated aromatic product and liquid phase transalkylation of a polyalkylated product. In one aspect of 
the invention, both the alkylation and transalkylation reactions are carried out In the liquid phase over 
molecular sieve aromatic alkylation and transalkylation catalysts. The output from the alkylation reaction 
zone is supplied to a separation zone which is operated to produce a lower boiling fraction comprising the 
aromatic substrate, which may be recycled to the alkylation reaction zone, and a higher boiling fraction 
comprising a mixture of monoalkylated and polyalkylated aromatics. The higher boiling fraction is supplied 
to a second separation zone to produce a second lower boiling fraction comprising the desired monoal- 
kylated product and a higher boiling fraction comprising polyalkylated product. 

At least a portion of the polyalkylated fraction including substantially all dialkylated and trialkylated 
aromatics is supplied, along with the aromatic substrate, to a transalkylation reaction zone containing a 
molecular sieve transalkylation catalyst. The transalkylation zone is operated under liquid phase conditions 
to cause disproportionation of the polyalkylated fraction to arrive at a disproportionation product having a 
reduced polyalkylated aromatic content and an enhanced monoalkylated aromatic content. At least a portion 
of the disproportionation product is supplied to the first separation zone. In a specific application of the 
invention directed to the production of ethylbenzene or cumene. the output from the transalkylation zone is 
supplied to a third separation zone from which benzene and a monalky! benzene fraction (ethylbenzene or 
cumene) is recovered and recycled to the separation zone. 

In another embodiment of the invention, a benzene feed stock and a C2-C4 alkylating agent are 
supplied to an alkylation reaction zone containing a molecular sieve alkylation catalyst and which is 
operated to produce an alkylated product comprising a mixture of monoalkyi and polyalkyi benzenes. In this 
embodiment of the invention the alkylation zone may be operated under liquid phase or vapor phase 
conditions with the output from the alkylation zone being subjected to separation steps as described above. 
The transalkylation reaction zone Is operated at an average temperature below the average temperature of 
the alkylation reaction zone and under conditions to maintain the benzene in the liquid phase. In a specific 
application of this embodiment of the invention to a procedure employing vapor phase ethylation of 
benzene followed by liquid phase transalkylation. the average temperature of the transalkylation reaction 
zone is at least 100*C less than the average temperature of the alkylation reaction zone. 

In vet a further asoect of the invention involving the alkylation of a benzene ffiftd stnrk with a C^-C^ 
alkylating agent, the alkylation catalyst is selected from . the group consisting of zeolite beta zeolite omega, 
and zeolite Y and the alkylation reactor is operated under conditions to maintain the benzene feed stock in 
the liquid phase as described previously. The effluent from the alkylation reactor is subjected to separation 
steps along the lines described above and subsequent to separation to recover the desired monoalkylben- 
zene product, e.g.. ethylbenzene or cumene. at least a portion of the polyalkylbenzene fraction including 
substantially all of the dialkylbenzene content and a predominant portion of the trialkylbenzene content is 
supplied to the transalkylation zone containing a transalkylation catalyst selected from a group consisting of 
a zeolite y and zeolite omega. Preferably the alkylation catalyst comprises zeolite beta. It is also preferred 
that the transalkylation catalyst comprise zeolite omega. 

In a further embodiment of the invention directed specifically to the production of ethylbenzene. in 
which the alkylation reaction takes place over an aromatic alkylation catalyst selected from the group 
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polyethylbenzene transalkylation in a separate reactor under relatively mild liquid phase conditions, 
minimizes the xylene make in the manufacturing process. This enables ethylbenzene recirculation to be 
reduced by limiting the ethylbenzene content in the polyethylbenzene fraction to 5 wt.% or less and. where 
preferred catalysts are used to further minimize xylene make, down to about 2 wt.% or less ethylbenzene. 

A preferred aspect of the present invention involves supplying the polyethylbenzene fraction, including 
both diethylbenzene and the triethylbenzene and higher molecular weight compounds to the transalkylation 
reactor as contrasted with separating out a substantial portion of the diethylbenzene for recycle to the 
alkylation zone, as disclosed in the aforementioned patent to Wight, or separating out trialkylaromatics with 
transalkylation only of dialkylbenzene. as disclosed in the aforementioned patent to Barger. In this respect, 
depending upon the configuration of the Interface of the transalkylation reactor and polyethylbenzene or 
other separation zones, substantially all of the diethylbenzene and substantially all or most of the 
triethylbenzene content will be supplied to the transalkylation reactor. In either case, the practical effect of 
this embodiment of the invention Is that recycle to the alkylation reactor is limited to benzene and lighter 
components, e.g.. ethylene, while most, if not all of the triethylbenzenes together with diethylbenzenes are 
retained in the system ultimately for conversion to benzene and ethylbenzene. This offers significant 
advantages over the prior art processes, not only in terms of reduced xylene make as described previously, 
but also in terms of ultimate product yield. 

In experimental work relative to the invention a number of catalysts were employed in transalkylation 
tests carried out in an upflow, flooded-bed reactor, that is. only a liquid phase was in contact with the 
catalyst. The feed employed in this experimental work was an approximate 1:1 mixture of benzene and the 
polyethylbenzene overheads fraction from a commercial operation employing vapor-phase alkylation of 
benzene to produce ethylbenzene. A typical feed employed in the experimental work had the composition 
as shown below in Table I. 



TABLE I 



Component 


Wt.7o 


Non-aromatics 


0.032 


Benzene 


50.241 ^ 


Toluene 


0.000 


Ethylbenzene 


6.117 


p + M-Xylene 


0.000 


Styrene 


0.063 


o-Xylene 


0.066 


Cumene 


3.973 


n Propylbenzene 


7.816 


m + p Ethyltoluene 


2.053 


1 ,3.5-Trimethylbenzene 


0.128 


o-Ethyltoluene 


0.356 


1 .2.4-Trimethylbenzene 


0.536 


1 .2,3-TrimethyIbenzene 


0.401 


m-Diethylbenzene 


14.808 


o + p-Diethylbenzene 


7.328 


Butylbenzenes 


1.653 


Heavies 


4.429 



In the experimental work, the average pressure was about 300 psia with a pressure drop across the 
reactor ranging from about 5 to 15 psi. The temperature profile across the reactor was relatively constant 
with an endotherm from the inlet to the outlet of less than 10* C and usually less than 5*C. The 
experimental runs were initiated at relatively low temperatures, usually less than lOO'C and progressively 
increased as described later. The space velocity was maintained relatively constant at a value of 6 hr"^ 
(LHSV) based on the total hydrocarbon feed. Diethylbenzene conversions and selectivity to ethylbenzene 
were measured as a function of catalyst age (duration of the run) along with the production of various other 
components including xylenes. 

In a first test run. the catalyst used was a commercially available zeolite Y (identified herein as Catalyst 
A) in which the inlet temperature was progressively increased up to about 235 *C and stabilized there with 
an average temperature increase through the reactor of only T or 2'C. The results of this experimental 
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Yet additional experimental work was carried out employing the zeolite Y identified above as catalyst B 
in which the feed was a relatively pure diethylbenzene mixed in approximately equal parts with benzene^ 
Unlike the feed stock employed in the experiment work of FIGURES 1 through 4, the pure diethylbenzene 
feed stock contained only very small amounts of material susceptible to cracking or other conversion 
5 reactions, e.g.. deethylation. to produce xylenes and was also free of xylenes. The make up of the feed 
stock in this experimental v/ork is set forth below in Table II. 



TABLE II 



Components 


Wt.% 


Non Aromatics 


0.01 


Benzene 


56.58 


Toluene 


0.09 


Ethylbenzene 


0.01 


Xylenes 


0.0000 


n-PR-BZ 


0.02 


m,p-ethyItoluene 


0.03 


o-ethyltpluene 


0.01 


124 trimethylbenzene 




sec-BU-BZ 


0.47 


123 Trimethylbenzene 




m. Diethylbenzene 


27.62 


o.p-diethylbenzene 


14.27 


n-BU-BZ 


0.35 


Heavies 


0.54 



In this test run. the inlet and outlet pressures were held at 310 and 305 psig. respectively. The average 
temperature of the reactor was increased approximately linearly with time from an initial value of about 
198' to a final value of about 298* C. The space velocity was generally held within the range of about 5.8- 
S.Ohr"' (LHSV) with the exception of about two-thirds of the way through the test where it fell to about 5.1 
before recovering to the higher value. 

The results of this test run are set forth in FIGURES 5 and 6. In FIGURE 5a, curve 38 is a graph of 
temperature, T. versus catalyst age A in hours on the abscissa. In FIGURE 5b curves 40 and -41 are graphs 
of percent selectivity to ethylbenzene and percent ethylbenzene conversion, respectively. Curve 42 is a 
graph of the total xylene make, X. expressed in ppm, based upon the amount of ethylbenzene produced.. 
FIGURE 6. shows the relationship between ethylbenzene conversion and temperature. Curve 43 is a graph 
of ethylbenzene conversion, C. on the ordinate versus temperature. T, on the abscissa. 

As indicated by the data set forth in FIGURE 5, xylene make remained low throughout the test run. No 
xylene was produced until the temperature was increased to about 260 C (which generally corresponded to 
the reduction in space velocity to about 5.1 hours"^ as reported previously). Percent conversion remained 
good until the temperature was increased above 280*C. As indicated in FIGURE 6. ethylbenzene 
conversion appears to remain above 50% over a temperature range of about 200* -290* C with the optimum 
range appearing to be about 210* to 280* C. 

With further reference to the drawings, FIGURE 7 through 10 illustrate schematic flow diagrams 
illustrating different embodiments of the invention. It will be assumed for purposes of discussion that the 
invention is applied in the production of ethylbenzene by reaction ot etnyiene wun oenzene and iiiai iiic 
alkylation reaction as carried out in a flooded-bed liquid-phase alkylation reactor employing zeolite beta, 
zeolite Y or zeolite omega as the alkylation catalyst. However, as noted previously and as discussed in 
greater detail below, the alkylation step can be conducted as a vapor- phase reaction employing a catalyst 
such as silicalite or ZSM-5. 

Referring first to FIGURE 7. a feed stream 50 containing ethylene and benzene supplied via lines 51 
and 52, respectively, is passed first to a dehydrator 54, where the water content is reduced to a level of 
about 100 ppm or less, preferably about 50 ppm or less, and then to an alkylation reaction zone 56. The 
alkylation reactor which may comprise a plurality of series connected adiabatic reactors with interstage 
injection of ethylene and also interstage cooling, normally will be operated at an average temperature of 
about 220* C and under sufficient pressure, about 600 psia or above, to maintain the benzene in the liquid 
phase and at least about 2 mole percent of ethylene solublized in the benzene. As an alternative to using 
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stream by purge line 88. The overheads fraction is recycled through line 89 to the benzene column similarly 
as described above. 

The embodiment of FIGURE 10 is similar to that of FIGURE 9 except that the transalkylation reactor 
output is split, with a portion being directly supplied to the benzene column 61 via line 92 and the 
5 remainder to the separation zone 86 which is operated as described above. The configuration of FIGURE 10 
provides a means for maintaining a low concentration of Ca and Cio hydrocarbons in the system and 
reduces the energy costs of operating column 86. Typically about 60% or more of the transalkylation 
reactor output is recycled directly to the benzene column 61 with the remainder being directed to the 
separation zone 86. 

70 Having described specific embodiments of the present invention, it will be understood that modification 
thereof may be suggested to those skilled in the art. and it is intended to cover all such modifications as fall 
within the scope of the appended claims. 

Claims 

15 

1. In an alkylation-transalkylation process, the steps comprising: 

a) supplying a feed stock containing an aromatic substrate into a reaction zone containing a molecular 
sieve aromatic alkylation catalyst: 

b) supplying a C2-C4 alkylating agent to said reaction zone; 

20 c) operating said reaction zone at temperature and pressure conditions to maintain said aromatic 
substrate in the liquid phase and causing alkylation of said aromatic substrate by said alkylating agent in 
the presence of said catalyst to produce an alkylated product comprising a mixture of monoalkylated and 
polyalkylated aromatic products: 

d) recovering said alkylated product from said reaction zone and supplying said product from said 
25 reaction zone to a separation zone for the separation of said aromatic substrate: 

e) operating said separation zone to produce a lower boiling fraction comprising said aromatic substrate 
and a higher boiling fraction comprising a mixture of monoalkylated aromatic-polyalkylated aromatic 
mixture; 

f) supplying said higher boiling fraction from said separation zone to a second separation zone; 

30 g) operating said second separation zone to produce a second lower boiling fraction comprising 
monoalkylated aromatic product and a higher boiling fraction comprising heavier polyalkylated aromatic 
product; 

h) supplying at least a portion of said polyalkylated aromatic product including substantially all of the 
dialkylated and trialkylated aromatics in said polyalkylated product to a transalkylation .reaction zone 

35 containing a molecular sieve transalkylation catalyst: 

i) supplying said aromatic substrate to said transalkylation zone; 

j) operating said transalkylation reaction zone under temperature and pressure conditions to maintain 
said aromatic substrate in the liquid phase and effective to cause disproportionation of said polyalkylated 
i aromatic fraction to arrive at a disproportionation product having a reduced polyalkylated aromatic 
40 content and an enhanced monoalkylated aromatic content; and 

k) supplying at least a portion of said disproportionation product to said first recited separation zone. 

2. The process of claim 1 wherein said aromatic substrate comprises benzene and said alkylating agent is 
an ethylating or propylating agent wherein the polyalkylated aromatic content of said disproportionation 
product includes dialkyi and trialkyi benzenes. 

45 3. The process of claim 2 further comprising prior to step (k) in Claim 1, supplying the output from said 
transalkylation zone to a third separation zone and operating said third separation zone to produce a lower 
boiling fraction comprising a benzene-monoalkyi benzene nnnnnnnent and a higher hnilinn ffPiryinn rnmnris- 
ing a polyalkyi benzene component and supplying said benzene-monoalkyi benzene component to said first 
recited separation zone in accordance with step (k) of claim 1. 

50 4. The method of claim 3 wherein said alkylating agent is an olefin. 

5. The method of claim 4 wherein said alkylating agent is ethylene. 

6. In an alkylation-transalkylation process the steps comprising: 

a) supplying a benzene feed stock into an alkylation reaction zone containing a molecular sieve aromatic 
alkylation catalyst; 
55 b) supplying a C2-C4 alkylating agent to said reaction zone: 

c) operating said reaction zone at temperature and pressure conditions causing alkylation of said 
benzene by said alkylating agent in the presence of said catalyst to produce an alkylated product 
comprising a mixture of monoalkyi and polyalkyi benzenes; 
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thTp^LVn^ Of said °' ^^'^ said alkylating agent in 

benzenes ' " a mixture of monoalM and 

iT^n ' '"""^ """^^^ f»"*'' <»"-P°"»nl said separa- 

g) supplying benzene to said transalkylation reaction zone- 

. and aTeiHar ^''--^ — 

18 'V'hTmZ? "''.I' °' disproportionation product to said separation system, 

pfop^l^age^nt " °' ^^'^ ^'^^'^""^ ^^-^ - -.ylating agent or a 

TcrorrrrrprofTa^':?. - -id transalion rea'cL zon'e in 
25 21. In a process for the production of ethylbenzene. the steps comprising- 

atS^y^ti^c" ^" "^^'^''"^ ^ P^'-^V containing an 

^^^^^'''.'^ sid'Sne ted ''Tro^k '^-Peratore and pressure conditions to effect ethylation of 

so rolye^Tbenzenes; " " ""'^'^'"^ ^ "^"^'"^^ °' ethy.benzene and . 

siprt'n zon'ef ' -^^'^-9 -'^ P-^-t to a benzene 

d) operating said benzene separation zone to produce a lower boiling fraction comprisinq benzene and a 
h.gher bo.l.ng fraction comprising an ethylbenzene-polyethylbenzene mixture- ' 
f?ope2ncfs"d etLnzl"' *° ^" ethylbenzene separation zone; 

ethXTene and a second hh^'f?", '° ' '^^'""S '-c«°" c°-P"3ing 

g sCoZa si L !n ' ? a heavy polyethylbenzene fraction; 

. zlrcSinT a Sr^rn^t^r ^^^^-^-^ - a tran,a,y,at,.n reaction 

h) supplying benzene to said transalkylation reaction zone- 

di.nrr''7 transalkylation reaction zone under temperature and pressure conditions to effect 

? d3Setriben"'' ^"T'^l^'^r""^ '° a dispro ortiona.ion ^2 avfg a 

reduced polyethylbenzene content and an enhanced ethylbenzene content- 

1) oXTno sai'rnlrP,ht" °' disproportionation product to a post transalkylation separation zone: 
mixtu^if Lnzeneld^^ '"'"T" '° ''^"'"^^ ^ '"^'^^ '"^^^ ''°'''"9 fraction comprising a 

rrecvcll sa^ tLd 1 ' ' "^'"^ ^ hydrocarbons; and 

i; recycling said third lower hmlmn frarfinn m h.on^or.<^ „,u..ii . .... 

separation zone. " ■- - - >=..^ oa.u mai .euiieu uwn^ene 

so Sdrc^rslid'ootetlTh^^^^ disproportion product and supplying a par, of said 

s::vixs^:;:::::;:~ » - -pp--^ anoth. par, of 

g" upTStC; ze^^^^^^^ zt;:~" ^"'"^ ^ ^'^'^^ 

pressure conditions to effect vapor phase ethylation of said benzene feed stock 

lomlrL^TI °\ '"'^ "^^'ys^ !" ^aid primary reaction zone 

primS rLc." zot TJ"' T"" °' zeolite omega "d said 

pnmary reaction zone .s operated under pressure conditions to maintain said benzene feed stock in the 
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